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FOREWORD

The Human Factors Technical Area of the Army Research Institute
(ARI) 1is concerned with helping users and operators cope with the ever
increasing complexity of the battlefield automated systems by which they
acquire, transmit, process, disseminate, and utilize 1information. In-
creased system complexity increases demands imposed on the human inter-
acting with the machine. ARI's efforts in this area focus on human perfor-
mance problems related to interactions with command and contreol centers,
and on issues of system design and development. Research is addressed to
such areas as user-oriented systems, software development, information
management, staff operations and procedures, decision support, and systems
integration and utilization.

An area of special concern in user-oriented systems is the improvement
of the user-machine interface. Lacking consistent design principles,
current practice results 1in a fragmented and unsystematic approach to
system design, especially where the user/operator-system interaction is
concerned. Despite numerous design efforts and the development of exten-
slve system user information over several decades, thls information remains
widely scattered and relatively undocumented except as it exists within and
reflects a particular system. The current effort is dedicated to the
development of a comprehensive set of Human Factors guidelines and eval-
vation criteria for the design of user/operator transactions with battle-
fleld automated systems. These guidelines and criteria are intended to
assist proponents and managers of battlefield automated systems at each
phase of system development to select the design features and operating
procedures of the human-computer interface which best match the require-
ments and capabilities of anticipated users/operators.

Research in the area of user-oriented systems 1is conducted as an
in-house effort augmented through contracts with uniquely qualified
organizations. The present effort was conducted in collaboration with
personnel from Synectics Corporation under contract MDA903-80-C-0094.
The effort is responsive to requirements of Army Project 2Q263744A793,
Human Performance Effectiveness and Simulation, and to special requirements
of the U.S. Army Combined Arms Combat Developments Activity (CACDA), Fort
Leavenworth, Kansas.
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DESIGN GUIDELINES AND CRITERIA FOR USER/OPERATOR TRANSACTIONS WITH BATTLE-
FIELD AUTOMATED SYSTEMS VOLUME V: BACKGROUND LITERATURE

EXECUTIVE SUMMARY

Requirement:

To develop a comprehensive set of human factors guidelines and criteria
for the design of user/operator transactions in battlefield automated
systems for use by human factors specialists and system proponents,
managers, and developers.

Procedure:

To augment data collected during analyses of a series of battlefield
automated systems, selective literature relevant to the development of
human factors guidelines and criteria for the design of user/operator
transactions was reviewed. The literature review effort was limited
primarily to recent ARI publications and to reports containing guidelines
which might be incorporated into the final product of the project.

Findings:

This literature review demonstrated that research results are generally
inadequate to support design of good user/operator transactions in auto-
mated systems. In addition, experimental investigations and other research
efforts have not kept sufficient pace with technological development to
provide an adequate data base for generation of guidelines and criteria
applicable to the rapidly changing user/operator transaction environment.

Utilization of Findings:

Findings from the analysis of individual systems may be useful to
proponents in specifying user/operator requirements for future system
evolution. 1In this project, the findings were incorporated in a data base
on human factors requirements which provided the "real world” foundation
for development of the provisional guidelines and criteria presented in
volume IV of this report. The provisional guidelines and criteria will be
utilized as the basis for development of the prototype handbook.
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INTRODUCTION

P 00 Army s oactively engaged o develorment ot gutomated soesteme

tomeet anticipated reguirements, including battletiold misoiog reagind renet

More than vooautomated svstems o currently o in g oconcept definition, developmeer,

et roduct Lon ostage dependd apon the desian oand accomy Pishiment of e0foo0r v

oot orerator transactions--the tsercomputer interface, jrocedures, ana

ool pes-=to o reormit o efrestoee ut tlicat ton oand acoom Tishment o of micoon

PheoArmy Rescarch Institute Tor the Behavioral and social sSciencoess (A
"rrovidles sctent o oand testnical surport to the human resources needs ottt
Army, using tochnigues and disciplines of behavioral and social science

N PPN #- 1 N v RS 1 A “ -3 e o PO -3 b - B
(Coidner, ot oal, 1979, bl 28) L. AKRT conducts in-house rescarch oamnd suypeort:
aJrant and contract research in the following general areas: porsonnel ard
manpower, oducatiton ami training, training devices and simulation, ard human
factors in training and orerational systems.  This research is, in part, in

support of automated svsastoms development.

T

The tHuman tactors Techmical Area of ARI is concerned with efiective
at thization of battlefield automated systems (BASs), especially boecause of

; the Lncreasingly comprlex demands of systems which are used to acaquire, trans-
mit, trocesys, dissominate, and utilize information.  The Human Factors unit
s oparticularly concerned with the demands placed on human performance reolated
to the human-computer interaction. ARI's human factors rescarch efforts have

bieen concerned with software development, topographic products and prrocedures,

tactical symboloygy, uscr-oriented syvstems, information management, staff

operat ions and procedures, decision support, and sensor systems and utiliza-

tion.

Becanse the ARTI human factors efforts are so closcly akin to the neods

E

of this project, some of the pertinent research products have been reviewed

to demonstrate how this literature can contribute to the development ot

l/"'1‘.oi,dncr, Joseph. Research themes in behavioral and social sciences.  Uls.
: Army Research Institute for the behavioral and social sciences, Alexandria,
Virginia, 19749,




autdelines and evaluation criteria for the design of user/opcrator transact bon
oobattletield automated systems. Several charccteristion of this literar-oee
review should be made clear:
. The review was conducted as g demonstration of Low ARD docu-
ments and other research reports suptort proilect activitics;

no attempt has been made to intoegrate or contrast result:s
obtained through experimental investiaations. & full litera-

ture review, to be conducted during tie second phase of thoe
rroject, will more exthaustively incoryorate relevant ARD and
other research efforts.

L With fow exceptions, only very recent reports have e
included in the review. Much earlicr work also has signif-
icance for the development and presentation of numan factnrs
guidelines and criteria.

o some reports have been included because thoy contaln gulde-
lines which could almost directly bhe incorporated into the
intended final product of the study effort; others are
included because they provide information wnhich carn contri-
bute to or convert to guidelines or criteria.

The organizing structure for presenting the ARI literature review 1
that omprloyed to date throughout the project for presenting information
J4iout the systems reviewed and for the development of guidelines and cri-
soria--categories of design features affecting user/operator transactions.
These categories are listed in Table 1. ART research reports are pnresented

v she following pages.

1. CONTROL METHODS

1.1 Command Languages

Merating Systems, Inc. MIQSTURE: An exporimental online language for army
tactical intelligence information processing. ARI Technical Report No.
TkR-78-A-25, July 1978. (AD A064 323).

In its search for ways to address the demands for increased complexity
in the user-machine interface of BAS, ARI supported this effort for develop-
ment of an online language for Army tactical intelligence information process-
ing. MIQSTURE (Mixed Initiative Query Structure with Task and User Related

Flements) 1s an attempt to provide a user-machine dialogue in which the computer
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categories of Lesign Peature:s Alteos ing Uoer/ operator lran-
actions with Battlefield Auromatod Systome
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7. ERPOR HANDLING

7.1 Prevention

7.2 Detectiocn

7.3 Feedback

7.4 Correction/Recovery
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1 Operator{(s) Only
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.3 Combined User/Operator
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has an active role instead of the dialogue being initiated complet oy 1y v

aser.  MIJETURE allows the computer to prompt the user through com box co =0,

x

trovides task specitico effort feedback, and alerts the aoer to Moty ™ Do -
matioo o the data base. j
]
Development progressed through 4 stages: !
. Repdirements delinition based on documentat Ton and terviess
S concep t odevelormnent based on the reguirements Gdedinat ion.
R Preparation of detailed design specifications for ¢ wabees
of the languace to demonstrate operating characterictios
and jotential,
A Evaluation of the language primarily to determine sl

woals had beern reached and for the subsct for nea
manipulatine tabular data in the data base, comparicor with
the data base language SEQUERL.

e develorers claim MIQSTURE has the following advantageoas charast cr-
t -

l.\‘.tig:‘

a. Adaptivity to change through the use of sjpecially designed o=~
mats for defining new capabilities and use of a kevboard sui-
strate language to provide flexibility for new and emergoernt
circumstances.

b sensitivity to the elements and stages of interactive tasks

thirough separate display of interaction status and history,
separate incrementing of transaction and query numbers, a
multistream dialogue which allows interleaving of tasks at
a given terminal, and a capability for loading "knowledae"
of detailed task structure into the system to permit the
mixed initiative capability. i

Evaluation of MIQSTURE was carried out by comparisons and ratings povo-
vided by a panel of experts on 7 factors: level of development, training
tactors, speed factors, power factors, accuracy factors, staffing ease, and '

usier acceptability. The developers conclude that the preliminary/partial

development and demonstration of MIQSTURE has achieved the desired effective-

ness for accomplishing intelligence processing tasks.




1.2 Menus

NO roports Ittt Cadleqory o wer e Vvt e 4.

1.3 Function Feys

Nooreroerto oin il catedgory were Yeviewoed.

NO reports in bhis catedory were peviowed,

1.5 Prompts/HELPS

Nov o repartas 1o biobe catenqor o we e eV e,

DISPLAY FORMAT

~o

2.1 Fixed Alphanumeric Displays

Mo rerorts in this catoqory were reviowe i,

Baker, J.D., Mace, Dog., & McRendry, (J.n. The toanarorn Cnoration oo D
assessment or the human component. AR Yectinical Rescareh Note No. L.,
August 1900 (AD 697 T16).

The transform oreration s Jdetined e b tracsformat ton of raw datg
for input into storage devices.  This study extlored the time and crrorvs
involved in message format selection. A sam e of 14 military and civilian
personne]l working on the To8 (Tactical cpevat tng System) development solectod

a format for 47 situation messages out of the Y gvatlable formats.  Pata

ollected were: time to make the selection, the Qreguency of ineorrect for-
mat selection, avd the certitude or the colection (@ 7 point scale from
"abruolutely ertain® "abuolutely cortain® e - : i id
absolutely uncertain” to "absolutely covtain™) . one group used a job-aild
to assist in the format scelection. No differences were tound between the

job-aided and the standard group: on any of the above measutes.

M”" S m— el -




Menu tormat selection time was 49.8 seconds per message.  cther data
indicated that during peak periods, the G3 could expect to recclve a messag:s

—

cvery 7o to o seconds, With the time to merely select a messaae forrat
aboat S seconds, the 03 would juickly be overloaded injpeak jeriods. &
SO orercent orror o rate in format selection was obtained i the selection b
Tormats for reportedly simple messages. A detailed analvsis of the oreen
revealed a confusion created by an irreloevant correspondence betweenl messoaoe
content and message category titles.  The mean certitude was almost Ldentiool
ror the two groups (5.5 for the job-aided aroup and 5.7 for the s=tandara
group), indicating that the particular job ald provided failed to aid jert -

mance.

.

The authors noted (page 15) that "taken together, the error rate and

time data...lead to the conclusion that the transformation process 1= roten-

rially a mailor problem in the experimental TOS." To eliminate fornat sclectio

crrors, they suggest a structured training program or a set of mnemonic
descriptions for message titles, drawing attention to the relevant differenos
in the purpose of the various message formats. They speculate that the most
likely error (erroneous selection of the "relay" message format) will resml:
in a communications function only when the information should have been ing ut
into the data base. They suggest a scrutiny of the existing formats with a
goal of reducing their number. (NCTE: the current and most recent successor
svstem to TOsS, TCS/TCT, in using only four basic message formats, appears

to have taken their advice to heart.)

Nystrom, (.0., and Gividen, G.M. Ease of learning alternative TOS messaudc
reference codes. ARI Technical Paper No. 326, September 1978, (AD ADGL 6u7).

In work closely allied to that of Baker, Mace, and McKendry (1969) and
Sstrub (1971), these researchers set out to assess the changes to the DEVTOS

formats (in the formats provided for T0s”) recommended by the ad hoc committee




r

coatablishied for that purnose. Mis etffort was dedicated to aeterminat iorn
Y otnese chiange:s contribute to the learnability of the codes developed for

tre ot tformats. The article s also valuable to thils project tor it

Presentatlon of code desiagn strategies and instructional strategles as@sociat oo

Wit o specitic code desians.

The rules for geneorating the two code sets e e Vol lows:

4. DEVITLS-like coddess=2 alphas, 1onomer i (00 F) s firarotw
letters represent the messade cates _ HER IS O B
conts the tyie of acticn.  The first : SR I ST SR WL SRS,
friendly, cnemy, and "common'™ mes trlees, Wit
exception, I', for aircraft-relatoed me categorie: o The

second letter is arbitrarily ancolagness witnin the triegaileys
or enemy catoecories, but o is always an UAY ror tiee commorn
message. The action code (=) us=es 1 -+ Tor the six action
, but vxceptions are allowed with commorn me snages where

s

code
0, 8, and 9 rerlace 1, 2, and 3.

2 i : 1
b. TOS* codes=--4d alphas (LLLL). The first three letters form an
acronym of the message title.  The fourth letter represents
the action. TIxamples of the two message code types are pre-

sented in Table 2,

393

Table

Sample DEVTOS and TOS*® Message Codes

Message Referernce
Message Title Code Action Code Code

Message Title DEVTOS Tos? DEVTOS TOSZ DEVTCS

G~2 Messages
Enemy Unit EUS EAl
Status - Add

Enemy Situation ESD EC4
Data -~ Query

G-3 Messages
Air Control
Mesaure - Change
Spot Report -
Special Processing

z/In anticipation of the Development Tactical Operating System (DEVTOS) by
T2 (the Tactical Operable Segment Tactical Operating System), the combat
Developments Command (CDC) directed the formation of an ad hoc committee to
(a) recommend revisions to the formats and (b) evaluate these revisions.
The committer also established the following recommendations: (a) consol-
tdat ion of message formats, (b) use of variable field data entry, (¢) map
reference coordinate "packing,” and (d) use of a new messagce reference
cade system.

p— XL = e




Participants were 10

experience in o using the format..,

to one of two Ol message code sets (Lheoor LELL) .

assigned to one of two i
There wore Do o0 messa je
fartictpants jerformes at

reviewed a tabular poreseen

format

S

code from the message tit]

e

DO G twe i3 code

titloes, Freee b

nlivted and 40 officer jersomnel with no prior
Enlisted personnel were rarcdomly assiqgued
Officers wore ransiomly

A

(alco Lls or 15 .

ettt Lo st BT 03 message format titles.,
o nter terminal one at oa time.  Initially toees
cosaae titles Trom o which to learn mes-
oW o provide thie correct message referonce

dred et ron code, Frror feedback informed tie

rarticipant of the Ccorrect code wiee an orroy was committed.  The "learning”
criterion was a "perfeot pass--comrrect comyp letion of all message titles in

the message set.

The following were th

vartabidles:

a. Code type (L.Ls or !lili).

b. G2 or G3 list.

c. Rank of the jarticirant (ool d versus ordicer),

The dependent varial les wero o ol owas

a. Percent of mwoessade et crenco codes o input witis one or omuare

Crrors.

b. Number of "pareo. " throuen e code it {learsing time).

c. Time to input a nesaaie code (averaaed over all codes and
all passes).

d. Analvsis obf error rato i charactery position (for officer

participants onrl:;

LLLL codes were ¢leardsy

error rate. The mean time:

by code type:

response time was about 5.

5

Y.

sneYior ro b ocodes in both learning rate and

to dnput g message reference code did not differ

a time limit of 20 sceonds to reospond was permitted and average

tor 605 seconds, Enlisted personnel took signifi-

cantly longer to learn the codes than officer
enlisted personnel GT scorce).
input time, differences were not sianificant,

for mean percentage of ecrrors.

personnie 1

but onlv marginally so at .0

(despite the high

For both percentage of errors and average

5

3

e 9



Analysis of errors by character position demonstrated that scven of the
new code's characters were associated with excessively high crror rates. Pour
approaches to reducing the error rate and instructional strategies associated
with these approaches are suggested by the authors for exploration:

a. Partial code revision--modification of only those codes

assocliated with excessive error rate, the change bringing
these codes into closer acronymity.

. Three word message titles--forced three letter acronyms.

c. Variable length acronymic code--requires message titles to
consist of three words or less with no ambiguities.

! However, involves change to only 8 message types versus

change to 10 message types for option b.

g. Three letter code based on first and last words of the mes-
:kﬂﬂ~fi}}‘}—ihv code uses the first two letters of the first
wird atd the first letter of the last word. This accommo-
tlates message titles of two words or more and reguires
oo ot ol T message title.

1y N

Dl it e conectule that the TOS message reference code (L1LL) is
clearly bet .y than the DEVTOS code (LL#) and they suggest a further experi-
ment and ; redioct that gy roaches b.o, <., and d., would all be bettcer than

a.).

Messens, Pl , and Potash, L.M. Assessment of abbreviation methods for automatod i
tarl s sustems.  ARI Technical Report No. 398, August 1979. (AD A077 840).

rart o a continuing effort to provide efficient vocabularies and

Twessadie strantares Yo BASs, ART evaluated alternative methods for creating

abtbreviat tons o military torms. Moses and Potash establish the following
criteria for atbreviations:  (p. 1)
a. sunickly and easily discriminated from other abbreviations in

a particular system.
R . Fasily decoded and remembered.

. Comtatible with a variety of different system configurations.

Their investigation focused on the design and evaluation of procedures

for creating abbreviations; their review of the literature led them to conclude

that.: "CUlearly, a variety of suggestions exist for shortening single as well




as multiple word items.  However, no generalizable recommendation has emerged
for methods which generate abbreviations that are preferred, easily decoded,
and used with minimal learning." (1. 2)

tarticipants, 50 enlisted military personnel with diverse backygrounds,
certformed three tasks:

a. Prefercnee rating--judging how well single military terms are

represented by abbreviations generated under the following
five methods:

1. Data Element Dictionary (DED)-~-representing current Army
practice.
2. Simple truncation--starting from the right end of the word,

dropping off characters until the required length is
obtained.

3. Truncation--2nd letter out--elimination cf the 2nd char-
acter followed by simple truncation, as above.

4. Contraction--vowels out--retention of the lst and 2nd
characters, removal of vowels and H. W, Y (from right
to left) until required length is obtained, supplement-
ing with simple truncation, as necessary.

5. Contraction--frequent letters out--retention of the 1st
character, elimination of letters (from right to left) on
the basis of frequency of occurrence (highest frequency
eliminated first) until the required length is obtained.

b. Decoding--writing the original term from thc abbreviation. 60
abbreviations were generated on the basis of the 5 methods
described above. (Different terms, random assignment of terms
to blocks of participants, etc., permitted a modified Latin
Square design.)

c. Encoding--generation of an abbreviation for each of 60 terms;
30 terms were new, 30 were used in task a.).

For task a., preference rating on a 1l0-point scale, showed that abbre-

viations prepared by contraction--vowels out and by simple truncation were

3/’l‘ho DED is the result of the TRADOC Data Element Standardization Program
and was developed to meet the needs of the Tactical Operable Segment
Tactical Operations System (TOSZ), the All Source Analysis System (ASAS),
and the Tactical Fire Control System (TACFIRE).




preferred over other methods, with the DED and truncation--second letter out

being least preferred. For task b., decoding, liberal scoring (allowing
spelling errors) and strict scoring were applied separately to previously
seen items (in task a.) and not previously seen items, Plive factor ANGUA
(based on the modified Latin Squarc design) for the liberal and strict

scores and comparison of mean scores supported simple truncation as the

superior method with the DED being the worst technique overall. For encod-

ing task c.), simple truncation again appeared a frequently used technigue;

but, the DED, in contrast to tasks a. and b., scored well.

These results support simple truncation as the method for providing a
high percentage of acceptable abbreviations for use as data element codes in
BASs. The authors, however, in exploring user/use variations of these results
and in playing these results against those obtained by other researchers,

offer the following tempered conclusions:

Simple truncation is an easy-to-use method that generates a high
proportion of consistently preferred and ecasily decodable abbro-
viations for single words. This method should benefit system
designers by reducing the time needed to produce many good abbre-
viations for use as data element codes. Such abbreviations pre-
sumably should benefit users by reducing input time and errors in
interactions with battlefield systems. However, the abbreviations
produced by simple truncation are not intended to replace commonlu
accepted abbreviations and are not likely to be judged acceptable
in all cases. (p. 14)

2.3 Graphic Displays

No reports in this category were reviewed.

2.4 Highlighting

No reports in this category were reviewed.

3.  DATA ENTRY AND HAMDLING

3.1 Information on Legal Entries

No reports in this category were reviewed.
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3.2 Unburdening of Input

Alderman, I.N., Ehrenreich, S.L., and Bindewald, R. Recent ARI Kesearofr in
Battlefield Automated Systems. (In press.)

(The authors' abstract follows.)

This paper reviews ARI research designed to improve the data entry jro-
cess. The first and second section of the paper describes the data cntry
process in general as well as in the context of a specific battleficld auto-
mated system, the Tactical Operating System (T0S). Because it was used as an
exemplar of the data entry process, TOS played an important role in the
development of improved data entry procedures. The third scction of the
paper reviews the findings and conclusions of the many ARI rescarch projects

concerned with data entry. Among the areas covered in ARI's research pro-

gram are:

a. How to format and display data entry information.

b. wWhat safeguards can be developed to reduce the number of
operator errors made and,/or accepted by the system.

c. what kinds of operator job aids can be developed to improve
performance.

d. How to improve operator training.

e. How to make the system's message codes easier to usce and more
memorable.

f. How to improve the design of keyboards.

The forth section of the paper reports on efforts to analyze the cause of
operator errors. This section also discusses the development of a simulation
of the data entry process. The simulation is intended to facilitate system
design by permitting the inexpensive evaluation of alternate data entry
procedures. The fifth section presents a general discussion of the problems
that have been encountered by the ARI research program. Also included here
is a discussion on how this program might be improved in the future. The
final section of the paper summarizes the operational implications of ARI's

research results.
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Granda, T.M.  Anogplication or humarn factors concepts to an interactive
computerizod personnel record-keeping system, Akl Hescarch Report No.
1233, Janudary 1980,

(The author's <ummary follows.)

To reduce the burden of inefficient record-keeping systems, the U.S.
Army plans to convert many of its manual and semiautomatic record-keeping
systems to interactive, real-time systems. ‘lo obtain the optimal level of
hardware/software complexity, to meet opcrator and user regquirements, ard to
Keep system costs, system complexity, and operator training and skill reguire-
ments at a reasonable level, a careful analysis and application of appro-
priate behavioral, man-computer interface guildelines are reguired. A working
version of a potential interactive real-time record-keeping system (the
Standard Installation/Division Personnel System, SIDPERS) was created to
provide a hands-on demonstration of input/output procedures and software

technigues that can provide assistance to orerators/users.

The behavioral techniques and procedures in the demonstration (e.g.,
feedback, error detection and correction, prompting, variable entry format,
variable input modes) were integrated with user and operator requirements to
produce an efficient interactive record-keeping system. It was successfully
demonstrated that the human-factored, interactive system aided several types
of users in a variety of ways. The system functioned as an instructive aid
to the inexperienced user and as a memory aid to the experienced user by
informing the user: where to find data and information; how to input the
data; when errors occurred, what type of errcrs they were and how to correct
them; what certain terms meant; and what inputs were acceptable to the computer.
The computer served as a retrieval clerk for those users who needed access to
information residing in the computer. The computer also acted as an organizer
for the processing of SIDPERS transactions, retrieval of information, and

alteration of the transaction clerk displays.

Fields, A.F., Maisano, R.E., and Marshall, C.F. A comparative analysis of
methods for tactical data inputting. ARI Technical Paper No. 327, September
1978. (AD AU60 562).

This study extends ARI's efforts to improve data input beyond its pre-

vious explorations regarding the man-machine interface (Alderman, 1976),
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individualized training techniques (Gade, Fields, and alderman, 178),

computer trompting and instruction (Strub, 1079, and uasing on-line ing utt o
with veritication (Strubk, 1971). I contrast to the carlicor offorte, Loweror,
this study focuses on inputting procedures as these arfect o erator specd oo

Jaoduracy.

Four methods of data input into a ToY format, cach using automat i

tabbing, were studied:

a. Typing codes into the message format.  Message format apiears o
the screen; operator fills in appropriate codes referrineg to a

dictionary of valid codes, as needed.  computer rejoects illeaal
entry; operator must provide valld entry to continue.  cursor
moves to next item when correct entry made.

b. Typing wip}tgffor corrector. same as typing, above, exeept
computer forms a series of hypotheses about the error and the:.,
having "decided" on the correct entry, the computer presents
the entry on the screen. If the operator accerts the entry,
it is input by a key to signal acceptance. Tf not accepted,
the operator has a key to signal retypinag of the entry. 1f

the machine cannot form a hypothesis, an error message ajpears

on the screen and the operator retypes an entry.

C. Menus. Map coordinates, dates, and cardinal numbers are tyied
in. All other data entered by sclecting the item from an
alphabetically or legically ordered menu via a trackball.

When typing required, instruction to type replaces the menn.
If invalid entry typed in, item rejected and valid entry pro-
vided as in data input type a., above.

d. Typing with autocompletion and English option.  Same as inyut
type a. with the following exceptions:

1. The English definition can be entered instead of the
code.,
2. When operator feels enough characters are entered to

identify the entry, depression of a key causes the
autocompletion program to take over. If unigue match
made within the valid entry list, the autocompletion
feature finishes the entry. If no unique match pos-
sible, the program asks tor more characters.
The measures (dependent variables) were format completion time, the
number of errors per format, the frequency of use of the autocompletion runc-
tion, the frequency of use of full English instead of codes, the froquency of

backspacing and typing over, and the stated preference among thoe input methods,




Participants were 32 enlisted personnel randomly assigned to the four
infut groups.  Thirtv-six free text messages were divided into four sets of
nine messages cach, with ecach message set balanced for types of subject,
sources, restrictions, unit identification, and difficulty during pilot test-

Ing.  Fach first message of cach message set was a practice message.

on the basis of both mean number of errors per message and fowest errors
per input method, the input tyires ranked (from best to worst) as follows:
menus, typing with orror corrector, straight tyvping, and typing with auto-
completion. Differences among the input methods were significant. No dif-
ferences were found among input methods on the basis of mean time to input me:s-
sages. On the basis of fastest time, the input types ranked as follows: tvping
with error corrector, straight typing, and menu selection. (The authors’' speed
prediction was as follows: autocompletion, menu selection, error corrector, and
straight typing.) When preferences were compared to performance time and errors
(using a coefficient of agreement), there is chance agreement or a slight nega-
tive agreement. Except for input by menu selection, backspacing was used with
approximately the same frequency across participants for correcting an entry,
correctina spelling, or correcting an invalid entry. In about one~third of its
attempts, the error corrector could not arrive at an entry. Participants used
the autocompletion feature only for better than only one-half of their po.sible
opportunities; the autocompletion of codes was incorrect about 4 percaont of
the time and autocompletion of English was incorrect a little better than ©

percent of the time,

The authors conclude that menus should be used for data input since they
permit fewer errors and do not significantly increase input time. Provision
of a menu-based system with a menu-override option for experienced users is
suggested. Error correctors, autocompletion and full English option are not

warranted for general use, in their judgment.

3.3 Interrupts and Work Recovery

No reports in this category were reviewed.

3.4 Manipulating Stored Data

No reports in this category were reviewed.
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1. MESSAGE COMPOSITION AIDS

4.1 System Design Features

arifdith, . DACEIRE e " ' : . 0 BT RNERIPSS Yool
WV Low =5, March 1 Tey
(The author's brief of the report follows. )
Roegulremernt:
This research was conductod ar oo humah factors cvaluat torn of tie Tactical

Fire Direction system (TACFIRE) command and control svetenm Cor o tne field
artillery. This report supplements the POATA 0 B0 test rer o, R
vides a human factors evaluation of equipment, tasks amd orerating rocedures,

training, and personncl sclection regquirements,

Procedure:

A variety of techilaues were used in ti Duman factors evaluation,

Jucstlonnaires were Jdeveloped and administered; these addres

ed specific
human factors issues.  These questiomnmalres were supplemented L intorviews
and by pertinent data from TCATA gquestionnaires and data collection forms.
Performance assessments were also obtained for individual ojerators at the
Artillery Control Console and on the Digital Message Deviee.  Tersonnel
records and formal course grades were used to aralvoe tersonncl sclection

reguirements.
Findings:

The battalion 5-280 shelter is regarded as unacceptable by battalion
Fire Direction Center personncel. The major problem arcas arve the shortage
of space within the shelter, the configuration of cquipment within this
limited space, the quality of the air, and the nolse level.  Noise levels

are in excess of MIL-sTD-147.4A.

With the exception of the Digital Message Device and the Digital Plotiey

Map, there is widespread acceptance of individual TACFIRE cguipmoent s.

Although operators maintain that their tasks, on the averaae, are casy,

the consensus of operators is that TACFIRE training must be conducted




Sresrient e i skille are to be maintained.  Estimates of time rezired o
trati, averaged about O odays a woeek at o the compuater PFire Dlrection Center oarnd
vartaibrle Format Mewsage Pontry bevice sites oand 1 oday g oweek oat Tigital Mes-
ddge Device sltes. Moreovery, indications are that more emphiesis needs ool

vlaced on maintenance trailuing,

Terators who usce the standard (QWERTY) keyboard should Xnow how oty
The army Classitication Battery  wpears to provide a cost-effective means of

soelocting f.tiviiivals for TACFIRL schooling.

Ctilization of Vindings:

The findings of rejort will serve us the humarn factors input ~o

TCATA and TEA for their evaluation of the TACHIKE system. These findin

[¥e}

will also e sent to the aArmy Field Artillery School (U3APAS) for theilr

impact on trainin: and personnel selection reguirements.

4.2 Format for Alphanumeric Messages

No reports in this category were reviewed.

4.3 Graphic Messages

Bersh, P., Moses. F.L., and Maisano, R.E. Investigation of the strength
o association between graphic symbology and military information. ARI Teci-
nical faper No. 324, September 1978. (AD A064 260).

The authors conternd that dissatisfaction with conventional symbology

drives investigation of symbology in terms of "clarity, simplicity, consistency,

and adeguacy for computer generation" (page 1) and that "there is little or no
empirical evidence available for accepting any new approaches or for retaining
conventional symbology" (ibid). Their investigation is an attempt to allow
common cultural influences to form more or less stereotypical associations--
"Natural” associations, in their terminology. They explored the association

of simple graphic codes or symbols with verbal concepts.

The graphic symbol set was kept simple and consisted of:

a. Seven symbol sets (e.qg., circles, lines, colors, shading,
bars) with each set varying in a single characteristic
(e.g., size of circle, number of lines, width of bars).
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b, Eilght geometric forms {(diamond, trapezoid, rectangle, circle,
triangle, parallelogram, and ellipse).

C. Eight "stick" symbols (v.y., arc, bracket, arrow, cross).
The verbal concepts explored included:

a. Eight information categories (importance, accuracy, firepower,
unit level, friend/enemy, range, and concentration).

b. Nine military branch designations (infantry, armor, field
artillery, mechanized infantry, signal, engineer, air defense
artillery, cavalry, and aviation).

C. Three general military function terms (service support unit,

maneuver unit, fire support unit).

Participants were two groups of enlisted personnel (114 and 137 persons
respectively) with limited prior exposure to military symbology. The first
group was presented a set of graphic symbols followed by a set of verbal con-
cepts. Their task was to rank order the verbal concepts according to how well
they represented the symbol. The second group's task was the reverse of the
first group's; i.e., to rank order the symbols according to how well they

represented the concepts.

Four criteria were established to determine the strongest symbol-concept

assoclations:

a. A statistically best mean rank (i.e., statistically different
from any other association).

b. A mean rank statistically better than any other association.
c. A first place ranking by the greatest number of participants.

d. Fulfillment of either a. or b. and of ¢. for both symbol-con-
cept and concept-symbol associations.

Only three symbol-concept associations were found to be high strength
and no ambiguity:
a. Numerosity {(the number of lines) and unit length--which sup-

ports the current military coding scheme for designating
units,

b. Color and danger-~other strong color associations; e.,g., with
friend/enemy, accuracy, importance indicate that color symbol-
izes a broader concept than danger, perhaps "threat".

18
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c. Square and service support--this association 1s much stronger
in the concept-symbol dircction than in the symbol-concept

direction.

Moderate and minimal levels of association were also examined but theey
provide no clear-cut quidance for our study with respect to guidelines and
criteria for user/operator transactions with BASs in that:

a. Results of the exploration are not without ambiguity/confusion,

b. The study approach limits findings to specific conditions

explored rather than to general demonstration of desiqgun
principles.

The authors suggest that their ranking method is appropriate for jrelim-
inary comparisons and that their data provide suggestions for usce in modifying
current symbology systems. They also suggest, however, that Thurston's jairod-
comparison procedure would provide more refined measurcment than theivrs-~-

albeit at increased time and cost.

5. DATA RETRIEVAL ASSISTANCE

5.1 Query Method

No reports in this category were reviewed.

5.2 Query Structure

Ehrenreich, S.L. Query lanquage: design recommendations derived fron the
human factors literature, ARI Technical Report No. 484 (in press).

(The author's abstract follows.)

The existing human factors literature on guery languages is both sparvse and
scattered. This paper seeks to collect and review that literature. The tirst
section of the paper introduces the subject of query languages. In the second
and third sections, the topics of natural and formal query languages are reospec-
tively discussed. These two types of query languages are reviewed with the objec-
tive of determining their potential for expanding the population of computer user:s.

The fourth section considers some general issues pertinent to both types of




logical gquantifiers, the user's concept of data organization, mixed initiative
dialogues, and the use of abbreviations. Methods for experimentally evaluat ing
specific query language features and research on person-to-person communicat Jorn
are also discussed here. To focus the findings reported in the preceding see-
tions, the fifth section summarizes the implications of the rescarch jerformed
to date.  Next, the sixth section presents possible new resecarch which woulid

be of value to the designers of Army tactical information systems. The jajer
concludes with two appendices. Appendix A discusses human factors review
papers concerned with the design of interactive systems. Appendix B presents

a compendium of design recommendations directed towards the system designer.

(Appendix B is replicated below.)

APPENDIX B

QUERY LANGUAGE: A COMPENDIUM OF DESIGN RECOMMENDATIONS

These recommendations were compiled from the literature review that is
presented in the main body of this paper and from additional sources. 1In
some instances, the recommendations that are presented here go beyond what
can be empirically substantiated. These recommendations are not to be con-
sidered immutable. Instead, they represent the author's opinion as to what
guidelines might be thoughtfully offered at the present time to a system

designer.

Recommendations: General

Data Organization

1. The organization of the data base that is presented to the
users should match the organization perceived to be natural
by the users. The users' natural organization can be dis-
covered through experimentation or by survey.

2. Casual users should not be presented with a multitude of models
for representing the data base. A single representation of
the data base should be sufficient for the total range of
user needs. A multiplicity of data base structures only tends
to confuse the casual user.
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Quantificers

[o¥]

A query lanquage should minimize the use of gquantification

terms (¢.qg., "some," "all™). People have great difficulty
1 using quantifiers unamb.iguously.  bBxceptions to this
rule are the quantifiers "no" and "none." When gquantificrs
are required, the sysatem should have the uscer choose the

desired quantification statement from a scet of statements
that are designed to maximize thelir distinctiveness.,

Evaluating Language Options

4.

Test major qguery language features prior to adopting them.
The text of this paper provides a description of experi-
mental procedures that can be used in deciding between
alternative design options.

Feedback of the Query

5. rrior to the execution of a user's .query, the computer
should rephrase the query and display it for user accep-
tance. This assures that the user's intended meaning
has been correctly interpreted by the computer. (Skilled
users should be able to suppress this feature if so
desired.)

Abbreviations
6. The method of simple truncation should be used in forming

abbreviations for terms; e.qg., deleting all but the first
three to five letters of the words. The value of this
technique is markedly increased when it is uniformly applied
(with the possible exception of words which have commonly
known abbreviations). Allowance must be made for different
words resulting in the same abbreviation when truncated.
User understanding of how the abbreviations are formed is
valuable.

Dialogue Transactions

7.

The system's messages to the user should be in a directly
usable form and provide prompts or reminders of the current
state of transaction development. The user should not have
to refer back to previous transactions in order to deter-
mine the present states of the system. Lengthy sequences
of transactions should be recapped periodically.

When the system displays information, "it should be in the
form needed at that point even if the format is different
from that provided in the data base or (from) when it was
originally entered. For example, in a payroll or cost-
accounting system salaries may be stored in hourly rates,
but if the current activity requires monthly or yearly
rates, the computer should make the required transformation
and display accordingly."
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10.

11.

Layering

12.

Semantic

Users should be able to easily aodify a request that io
revealed to be incorrect. In particular, they should be
able to move backwards through a dialogue scquence in
order to change an entry. Introducing such a change
should not require re-entry of all the correctly entered
material,

A small proportion of guceries usually accounts for o il
proportion of the user's activities. These gqueries shonld
be designed for greatest ease of accomplishment.

Some user queries require a long response time.  Thoe compate:
should acknowledge the receipt of a gquery and should later
indicate that a response is available.

Specific Recommendations:
Formal puery Languages

The features of a query language should be partitioncd into
groups or layers. The easiest layer should be able to =tand
alone and is intended for uscrs of limited sophisticat ion o
limited need. The layers should then increase in comp lexi‘y
for use by more sophisticated personnel. Such a jrocedure
will broaden the base of users.

Confusion

13.

14.

Avoid the use of operators such as "or more" and "or less™
(e.g., do not require the user to convert "over 50U vears ol.d"
into "51 or more"). People have difficulty using these oper-
ators correctly.

Query language operators should not be given semantically
similar names (e.g., "SUM" and "COUNT"). To avoid confusion,
operators should be given names that are distinctive and
self-explanatory.

Term Specificity

15.

For inexperienced users, the use of global terms (e.g., gen-
eral terms which subsume a number of specific terms) is not
recommended unless the specific terms of information subsumed
under the global terms are retrieved together frequently.

The availability of global terms does increase the speed of
data entry (i.c., typing) but does not affect accuracy.

Specific Recommendations:
Natural Query Languages




Clarification Dialoque

16. Natural query language systems should be capable of carrying
out a "clarification dialogue." Users will frequently input
poorly stated queries and it is not sufficient for the system
to simply reject them. Instead, the system should be capable
of guiding the user through a dialogue which will result in
the formulation of a proper statement.

Quasi-Natural Languages

17. uasi-natural languages should be considered as design options
in situations where it is neither possible to teach a formal
query language to potential users nor is it feasible to develop
a natural query language. Quasi-natural languages are English-
like in structure but they are not capable of truly "under-
standing” the text's meaning. For a gquasi-natural language

to be applicable, the system's task should be narrow and well
defined. Examples of the use of a quasi-natural language are
given in the text.

6. GLOSSARIES

No reports in this general category were reviewed.

7. ERROR HANDLING

7.1 Error Prevention

Mace, D.J., Harrison, P.C., Jr., and Seguin, E.L. Prevention and remediation
0f human input errors in ADP operations. ARI Technical Report No. 395, August
17, (AD AO8L1 730).

This document goes into detailed discussion about input errors, ways to ’
overcome them, and procedures for analyzing the cost-benefit of circumventing
them. An example illustrative of the thinking process involved in applying

the MAUM? cost-benefit analysis to TOS is presented. (Their example is not

*/MAUM is the Multi-Attribute Utility Measurement presented in: Edwards, W.,
Guttentag, M., and Snapper, K. in Handbook of evaluation research, volume 1,
E.L. Streuning and Marcia Guttentag, eds. Sage Publications, Beverly Hills,
california, 1975.




nearly so concrete as the one provided by the original authors who apply the
procedurc to the planning process of the Office of Child Development and usc

real data.)

Of greater interest, particularly at this stage of our own project effort,
is the attention to the sources of data input errors and their prevention and
detection. Table 3 presents the authors' summary of error types, causes, and

alternatives for prevention and detection.

Gade, P.A., Fields, A.F., and Alderman, I.N. Selective feedback as a training
aid to on-line tactical data inputting. ARI Technical Paper No. 349, November
1978. (AD AQ61 789).

This study, one of a series focused on improvement of data entry, is an
experimental investigation into the effectiveness of various instructional
strategies for overcoming error in data entry. The intended special appli-
cation of the research is the MIOD (Message Input Qutput Device) operator of

the Army's Tactical Operations System (TOS).

Earlier research reviewed by Alderman (1975) focused on improved data
input (reduced time and error) by reallocating the inputting functions/tasks
and by development of job training aids. Strub (1971) demonstrated increased
MIOD operator accuracy by use of a CRT for direct data input and decreased
entry time by use of a computer-generated format on the CRT (1975). He
suggested that an automated training program, incorporating input aids with
a response-sensitive training instructional strateqy, would improve training

effectiveness. This study investigates that hypothesis.

These investigators hypothesized that a response-sensitive instructional
strategy, in conjunction with computer-generated feedback, would have the
following desirable effects on MIOD operator training, as compared to more

conventional training strategies:
a. More rapid progress through the training material.
b. Improved transfer of training to operational environments.

Participants, 71 enlisted personnel, took part in a training session
and a transfer-testing session. Each participant completed 21 messages

during the training session. In the testing session, participants completed
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Error Types,

ERRUR TYPE

OMISSION OF MESSAGE

OMISSION OF UATA ELEMENT
GROUP

OMISSION OF DATA FLEMENT

VALLD CuDFS/RFSTRICTED [TEmS

Verbal Errors
(GClossary)

Quantitstive Errors

INVALID CODES/RESTRICTED ITEMS
Verbal Ecrues -
In.orrect Abbreviatlons

Table 3

CAUSE OF ERROR

Lacb of knculedge of unerioperator

Incompatitility hetween souri e dacu-
went and inpot dislogue

Misplaced du. ument

Operator fatture

lacompacibility hetveen source docu-
went and input dialrgue

Skip & line oc lo

a page

tapcoper presumption of detsult
vaiues

Flement input into wrong Incatton

of place in sout.e or pre-
formarted ducument

Lo

wt place in dtalugue with system,
€.3. curenr peaition

Incorrect tecall
lacorre. t recognitton

Tr

criptton ertors

Incarrect scale (onversions
Data tnput with triorrect acale
18carrect rounding of nusbers

Coreless transcription, includieg
character transposition and
decimal placement

facorrece receli
lacotrect recognition

Typosraphtc wiscake

Verbal Errora -
incorrect Location

Juantitacive Evrore -
lncoreect Location

quantitative berare
Tllegal Latry

UNRFSTRICTED ITEMS

Equi e ol buding
(Seme code umed vICR
G o1 Wife seanings)

veriabie roding
(Tw) ot moce odea used
vitr. same sesningl

Typosrephi. mistake

Format gererared confuston

Typugraphic wistake

Formac genecared contuslop

fncorrece mcale convecalon

Dats (nput vIth tucotrect scale
Tacorrect rounding of nusbare

Larelvss tranactiption. tnciuding
hatatel transponiiion ang
decimel plecament

Coding +onventions 1nadequate

Late elemest too shoty

oding conventivne Lnadequate
Miwepeliingy
Spactng

Mumber o] cuded entrles which muat
be Tecalied
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Causes and Alternatives for Prevention and Detection

PREVENTION ANL DEIFCTEON

lisrr/operator selection

User operator tratning
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as many messages as possible, up to a miaxmum of 43. Participants werc

assigned randomly to four levels of training feedback, as follows:

a. Minimum feedback~-informed only of error on last entry, no
correction.
b. Edit feedback-~-error message, use of legal entry tables from

which to correct the error.

c. Remedial feedback--error message displaying both the incor-
rect and correct entry, and participant error correction.

d. Response-sensitive feedback--same as remedial, except that
after 3 correct consecutive entries for a particular element
of a particular type of format, automatic fill of the element
by the computer.

There were also two conditions of transfer-testing--no feedback and edit

feedback.

Speed and accuracy were the performance measures. Response-sensitive
training proved effective in reducing training time and was as effective as
other training strategies in reducing error rates. However, since the study
does not suggest that response-sensitive training will assist in catching
errors that escape error detection routines and does not improve the error
rate, the decision of whether or not to implement response-sensitive
training should be based on the trade-off between the cost of training

development and the benefit of reduced training time.

7.2 Error Detection

No reports in this category were reviewed.

7.3 Error Feedback

No reports in this category were reviewed.

7.4 Error Correction/Recovery

No reports in this category were reviewed.
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8.  USER/OPERATOR CONFIGURATION

Fink, C.D., and Carswell, W.A. Integrated personnel and training information
for TRADOC system managers (TSM). Technological Caps. ARI Research Report
No. 1238, February 1980.

(The authors' abstract follows.)

The Integrated Personnel Support (IPS) model outlines the procedures
that should be followed during the development of personnel and training sub-~
systems for new materiel systems. This report identifies some of the tech-
nological problems that must be solved before benefits from the application
of the IPS model can be achieved. These problems or "technological gaps"”
were identified during an extensive literature review for, and the subsequent

development of, a handbook for TRADOC System Managers (TSM).

Most of the techrological gaps related to deficiencies in procedures for
estimating training and personnel requirements, and for the development of
training strategies, during Phases I and II of the Army's Life Cycle System
Management Model (LCSMM). Specifically, there was found to be an absence
of satisfactory techniques for (a) deducing training and personnel require-
ments from materiel characteristics; (b) identifying excessive human resources
demands stemming from materiel concepts; {(c) identifying functions most appro-
priately performed bv equipment, by persons, or by a man-machine combination;
(d) generating task analytic data during Phase I of the LCSMM; (e) identify-
ing high-risk training tasks during Phase I of the LCSMM; (f) indicating
appropriate training strategies befcre actual hardware is developed; and
(g) describing human resources data/requirements/constraints in terms that

are meaningful to design engineers.

Additional ARI Literature to be Reviewed

Alderman, I.N. Tactical Data Inputting: Research in Operator Performance
and Training. Proceedings of the Second National Symposium on the Manage-
ment of Data Elements in Information Processing. Washington, D.C.: NBS/
ANSI, 1976.
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Cilovione, DLCL, Sfamet, Moog,, and Channon, J.B. A Framework for the Lueveloyp -
ment ot Improved Tactical sSymbology.  ART Technical Report No.o <403, August

170, ('\[) AT \’17)

Golson, KR, Freemoan, Fos., Mathews, Lo, and Stettler, J.A. Developmernt
of an Informational Taxonomy of Visual Displays for Army Tactical Data s5yvs-
tems.  AR!D Rescarch Memorandum No. 7d4-4., February 1974, (AD ADLS82 951)

rarda, oMo A Jomparison between a standard Map and a Reduced Detail Mg
within a simulated Tactical operations System (SIMTCS) . ARF Technica:
Paper Nooo 274, June 1976, (AD AV28 752)

aranda, T.M. An Evaluation of Visual Search Behavior on a Cathode kav Tul.c
Utilizing the Window Technique. ARI Technical Paper No. 293, FPebruary 1978.
(AD AVS3 352)

demingway, P.W., and Kubala, A.L. A Comparison of Speed and Accuracv of
Interpretation of Two Tactical symbologies. ART Technical Report No. 384,
July 1979, (AD A075 428)

Hemingway, P.W., Lubala, AJL. and Chastain, G.D. study of sSymbology for
Automated Graphic Disrlava, ARI Technical Report No. TR=79-aA.8, May 1979,
(AD AQT70 916)

Mawrocki, L.R. Word Abbreviations in Man-Computer Communication Svstems.
ARTD Working FPaper HF 79-04. June 1979.

Modiste, B.R., Michel, R.R., and Stevens, J.W. Initial Strategies for the
Tactical Operations System (TSQO) Support of the Command and Control Process.
ARI Technical Report TR-78-Alé, June 1978.

Moses, F.L., and Maiseno, R.E. User Performance Under Several Automated
Approaches to Changing Displayed Maps.  ARI Technical Puaper No. 36o, June
1979, (AD A073 7206)

Negroponte, N., Herot, ., and Weinzapfel, . One point touch input of
vector information for computer displayvs. ART Technical Report No. TR=78-TH3-
(NTIS No. ADANG4278)

Patten, S.M. An Inductive Taxonomy of Combat Intelligence Data. ARI Roscoarch
Memorandum 74-14. Decembher 1974, (AD AQ76G 802)

Potash, L.M. Effects of Retrieval Term Specificity on Information Retrieval
From Computer Based Intelligence Systems. ARl Technical Paper No. 379,
July 1979. (AD A072 312)

Sidorsky, R.C. Alpha-Dot: A New Approach to Direct Computer Entry of Battle-
field Data. ARI Technical Paper No. 249, January 1974. (AD 774 841)

sidorsky, R.C. Source Nata Automation via the Alpha-Dot Tablet: A Feasi-
bility Study. ARI Working Faper No. 79-07. Junc 1979,

sidorsky, R., Gellman, L.H., and Moses, F.I.. Survey of current Developments
in Tactical Symbology: Status and Critical Tssues. ARI Working Paper No.
HF-79-03, May 1979.




Slegel, A.I., Leahy, W.®., and Wolf, J.J. A Computer Model tfor simulation
of Message Processing in Military Exercise control and bBvaluation systems,
ARD Technical Report TR-77-A22. October 1977.

Strub, M.H. Evaluation of Man-Computer Input Technicues for Military Intor-
mation Systems. ARI Technical Research Note No. 220, May 1971.

Strub, MUH. Automated Adds to on-Line Tactical Data Inputting., Ak Pechni-
N

b Paper Noo 2ol vehruary 19750 (AL AOLG 350)

SRS

NON-ARI LITERATURE

Literature in the public domain was explored for the purpose of finding
information appropriate to the development of guidelines and criteria and,
indeed, to i1dentify useful sources of guidelines and criteria. This section
of this report is not intended to be a "review" of the literature in the tra-
ditional sense. Rather, its purpose is to identify documents which provide
human factors guidelines and evaluation criteria for the design of uscr/
operator transaction in bhattlefield automated systems or which could :ubstan-

tively contribute to the development of such guidelines and criteria.

vagne, R.M., ot al. Psychological principles on system development, Holt,
Rinehart and Winston, New York, 1963.

This volume remains a basic and often quoted source of information for

system design. Its emphasis on the human component of the system, and parti-

cularly on the development of that component, is especially cogent to the
objectives of this project. In addition to providing much information concern-
ing the design of the human-machine interface, the text will be particularly
useful to the project in defining the appropriateness of guidelines for

different stages of system development.

Ramsey, H.R. and Atwood, M.E. Human factors in computer systems: A rovieow o
the literature, Science Applications, Inc., Englewood, Colorado, 21 Sepember
1979, (Technical Report SAI-79-111-DEN).

Ramsey, H.R., Atwood, M.E., and Kirshbaum, P.J. A critically annotated biblio-
gyraphy of the literature of human factors 1In computer systems, Sclence Applica-
tions, Inc., Englewood, Colorado, 31 May 1978. (Technical Report SAT-78-070-
DEN) .
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Ramsey and Atwood conducted a broad survey of the literature on human

facrors in computer systems to assess the state of knowledge in the arca.

Thelr objectives were to:

a.

Determine whether or not that knowledge is adeguate to support
the development of a human factors guide to the design of inter-
active computer systoems.

Present a descriptive and critical literature review with
respect to the issue of design guidelines.

Their conclusions with respect to the feasibility, potential utility,

possible form and content of a human factors guide to interactive computer

tem design are as follows:

a.

The existing literature relevant to this field is badly frag-
mented because of its foundation in several different disci-
plines, and because relevant empirical data include those
derived from many studies not specifically dealing with
computer systems. Much of this literature is outside of

that normally considered by human factors personnel, and

the vast majority is outside the range used by interactive
system designers. There is a strong need for the develop-
ment of integrated guidelines.

While there is a large body of empirical data relevant to
such guidelines, there are many significant gaps. In par-
ticular, there is inadequate information to support the
development of highly quantitative "reference handbook"-
type guidelines, except within certain fairly limited sub-
domains.

Consideration of the problem-solving behavior and information
needs of the interactive system designer leads us to believe
that "reference handbook" guidelines would not truly satisfy
the need anyway. What is needed is a design guide which is
largely procedural in nature and is organized around the
design process employed by designers.

Despite the existing gaps in our knowledge, a design guide
of this sort appears feasible. Such an approach is compat-
ible with the presentation of human factors methods, as well
as empirical data and specific recommendations. In such a
presentation, general psychological knowledge can often be
used to advantage, especially in areas in which empirical
information is sparse. 1In areas in which specific recom-
mendations are impossible, this approach can at least

direct the designer's attention to relevant factors.
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oL sutdelines associated with the carly system desigrn proces:s
(eog., user regulrements analysis) will necessarily empha-
size methods to be employed by the designer, Later, when
the design decisions are more concrete and detailed--and
concern areas i which more empirical rescarch has hLeen
Jdone--the guidelines can be more specific and prescriptive.

r. Although 1t is feasible to construct a design guide for
interactive svstems in general, it may be better to develop
them for restricted types of systems (e.g., messagce pro-
cessing, or tactical information systems).  User behavior,
and thus, desirable system properties, tend to be highly
task-specific. By concentrating on a restricted range of
user tasks, it should be possible to make guidelines more
prescriptive and explicit, and to use more meaningful
examples, as well (pp. 141-143).

The annctated bibliocraphy was searched for sources of guidelines appro-
rriate to the design of uscr/operator transactions in battlefield automated
systems to be more fully developed in the next nhase of the project. In
Table 4, these sources are identified within the classification scheme of

design features presented in Table 1.

Table 4

Sources of Guidelines Relevant to User/Operator Transactions

1. CONTROL METHODS

Author (s) Specific Topic
Bennett, J.L., 1972 Interactive systems
Chamberlain, R.G., 1975 Interactive system design
Cheriton, D.R., 1976 Man-computer dialogue
Dinter, H., 1969 Computer-based information

systems
Donerty, W.J., Thomrson, C.M., Interactive systems--functions,
& Boies, S.J., 1972 software, linguistics,
scheduling
Kennedy, T.C.S., 1974 Interactive dialogue
Martin, T.H., & Parlier, E.B., Interactive systems
1971
Sterling, T.D., 1974 Computers in general
Sterling, T.D., 1975 Computers in general
Stewart, T.F.M., 1976 Man-computer interface
vaughan, W.S., Jr. & Functional properties of inter-
Mavor, A.S., 1972 active systems
Wood, R.C., 1972 Interactive systems
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2.1

2.2

Command Languages

No sources of guidelines specific to command languages wore

Menus.

No sources of guidelines specific to menus were cited.

Function Keys

Dolotta, T.A., 1970 Teletypwriter terminal
Hanes, L.F., 1975 Keyboards
Yllo, A., 1962 Keypunch-data entry

Hybrid Methods

cited,

No sources of guidelines specific to hybrid methods were cited.

Prompts/HELPS

No sources of guidelines specific to prompts/HELPS were cited.

DISPLAY FORMAT

Danchak, M.M., 1976 Display design

Gould, J.D., 1968 CRT display--visual factors

Grether, W.F., & Baker, C.A. Visual information presenta-
1972 tion

Ton, W.H., 1969 Displays

Whitham, G.E., 1965 Display size/resolution

Fixed Alphanumeric Displays

Buckler, A.T., 1977 Alphanumeric displays

Hayman, E., 1969 CRT alphanumeric displays

Variable Length Alnhanumeric Displays

No sources of guidelines specific to variable length alphanumeric dis-

plays were cited.
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2.4

4.1

4.2

were

4.3

Graphic Displays

Barmack, .J.F., & Sinajko, H.W., Interactive graphics
1160

toley, J.k., & Wallace, V.L., Interactive graphics
1974

Highlighting
Christ, R.E., 1975 Color coding-visual displays

Christ, R.E. & Corso, G.M., Color coding-visual displays
1975

DATA ENTRY AND HAMDLING

wallace, V.L., 1976 Graphical input devices

MESSAGE COMPOSITION AIDS

Green, E.E., 1976 Message design

System Design Features

Bryden, J.E., 1969 CRT displays
Cropper, A.G., & Evans, S.J.W., Display design
1968 Display design
Jenny, J.A., 1973 Terminals
Stewart, T.F.M., Oestberg, O., Terminals

& MacKay, C.J., 1974

Format for Alphanumeric Messages

No sources of guidelines specific to format for alphanumeric messages

cited.

Graphic Messages

No sources of guidelines specific to graphic messages were cited.
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5. DATA RETRIEVAL ASSISTANCE

No sources of guidelines specific to data retrieval assistance were
cited.
6. GLOSSARIES

No sources of guidelines specific to glossaries were cited.
7. ERROR HANDLING
7.1 Error Prevention

No sources of guidelines specific to error handling were cited.
7.2 Error Detection

No sources of guidelines specific to error detection were cited.
7.3 Error Feedback

No sources of guidelines specific to error feedback were cited.
7.4 Error Correction/Recovery

varley, T.C., 1969 Error correction checklist
8.  USER/OPERATOR CONFIGURATION

Ssmith, S.L., 1974 ‘ User interface
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Engle, S.E., and Granda, R.E. (Guidelines tor man/display interfaces, 1BM
Poughkeepsie Laboratory, Poughkeepsie, New York. 19 December 1975. (TR
00.2720).

This document is, to quote Shneiderman, "the best detailed guide for

design of interactive systems (op cit., page 254). The guidelines are
specifically to assist a software developer in designing the display inter-
face between a program and intended users but the authors also feel that the
guidelines will be useful to hardware developers as well. There is much infor-
mation which has been of use to this project in initiating the development
of a set of guidelines, especially since there is a focus on the user require-
ments. The authors recoanize the limitations of these guidelines:

The present set of guidelines are not exhaustive. They

represent a first-level effort to collect and identify

what is known or could reasonably be expected to be

deduced from the prresent state of knowledge. They also

provide some insight into those areas which are poorly

known or for which little factual data exists. (page 1)

Fortunately, the organizational structure adopted by Engel and Granda,
while not consistent with or as comprehensive as that developed for this
project, is compatible with the organization shown in Table 1. Thus, much
of what these authors have presented is directly applicable to this project's
purposes.

Smith, S.L. Requirements definition and design guidelines for the man-machine

interface in C3 system acquisition. Mitre Corporation, Bedford, Massachusetts,
31 December 1979. (Mitre Technical Report MTR-3888).

This report explores the status and needs of the man-machine interface

(MMI) and comes to the following conclusions and recommendations:

This report proposes that a significant program of work be
undertaken. It marks a beginning, not an end. Thus only
tentative, interim conclusions are offered, and the chief
recommendation is that the work be carried forward. To follow
the approach outlined here, the next steps involve further
development of tools for MMI requirements definition and
design, and evaluation of the application of those tools

in C3 system acquisition.
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Three kinds of tools have been proposed:

1. An MMI reguirements matrix, a systematlc tabulation

of the functional capabilities required by different oper-
ator tasks, to permit requirements definition in advance

of MMI design. The concept of a requirements matrix is
described in Section 2 of this report and illustrated in
Appendix B. A tentative conclusion is that this require-
ments matrix could prove a useful tool, at the least pro-
viding a check list for systematic consideration of MMI
regquirements, with some potential promise as an cffective
means of coordinating analysis with design. Further develop.-
ment of this requirements matrix is recommended in conjunction
with evaluation in system acquisition.

2. MMI design guidelines, a compilation of available wisdom,
to be tailored to the requirements of different system appli-
cations. Design quidelines are discussed in Section 3 of this
report and illustrated in Appendix C. A tentative conclusion
is that guidelines can be found for the design of certain
common MMI functional capabilities, and that these can be
related at least approximately to the requirements matrix,
with potential for tailoring. It is recommended that the
sample set of gquidelines presented here be expanded to pro-
vide broader functional coverage, and then evaluated in
system acquisition.

3. Design documentation, some means of specifying detailed
MMI design for coordination and review in advance of soft-
ware implementation. Design documentation is discussed in
Section 4 of this report, and one possible approach is
illustrated in Appendix D. A tentative conclusion is that
such documentation could prove useful for both initial design
and subsequent design modification, but that it is not clear
just what are the proper means for imposition of this special
documentation requirement in system acquisition. This ques-
tion should be explored further, until a formal documentation
requirement can be developed.

All of these proposed tools must be applied to assess their
value. Discussion of the possible utility of these tools for
MMI design is an interesting exercise in armchair philosophy,
but will have no practical effect unless carried forward and
tested in actual system development. Certainly no Air Force
or DoD design standard can be justified on the basis of this
discussion alone, without practical evaluation (pp. 40 and 41).

one of the Appendices to this report contains a sct of design guidcelines.
Table 5 presents a sample of these guidelines which will be considered in

this project's further development of guidelines and criteria.
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Table 5
Design Guidelines for bata Fntry Functions
2.0 DATA ENTRY/INPUT
- 1 Where data entry is a significant task function, it should be
accomplished via the operator's primary display. (Hor cxample,

entry via typewriter is acceptable only if the typewriter
itself, under computer control, is the primary display medium.)

- 2 Data entry transactions, and associated displays, should be
designed so that the operator can use one mode of entry as
long as possible before having to switch to another (e¢.qg.,
switching from lightpen to keyboard input).

- 3 Except for passwords and other secure entries, keyed injputs
should always appear in the display.

- 4 Keyed data entry and change on an electronic display should
generally be accomplished by direct character replacement,
in which keyed inputs replace underscores or previous entries :
(including default values) in defined data fields.

- 5 Wherever possible, data entry should be self-paced, depending
upon the operator's needs, attention span and time available,
rather than computer processing or external events. (Where
self-pacing does not seem feasible, the general approach to
task allocation and MMI design should be reconsidered.)

- 6 Using a form-filling dialogue, entry of logically grouped
items should be accomplished by a single, explicit action
at the end, rather than requiring separate entry of each

1tem.

Smith, $.L. Man-machine interface (MMI) requirements dofinition and design
quidelines: A progress report. Mitre Corporation, Bedford, Massachusetts,
30 September 1980. (Mitre Technical Report MTR-8134).

This document extends the work previously presented by Smith. Of partic-
ular interest to the project's further development of design guidelines and

criteria are an Appendix which presents design guidelines for sequence control
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and another Appendix which presents a MMI requirements checklist. The latter
is assumed to have potential for the designation of design principles appro-
priate to different stages of system design. Examples of each set of data

are presented below in Table 6 and 7.

Shneiderman, Ben. Software psychology: Human factors in computer and infor-
mation systems, Winthrop Publishers, Inc., Cambridge, Massachusetts, 1980.

This text has become a "standard for the industry"” in a very short timec.
It is addressed to a broad and varied audience: professional system designers,
managers, and programmers; advanced undergraduate and beginning graduate stu-
dents in human factors in computers and information systems; and industrial ;
and academic researchers in computer science, information systems, psychology,
and human factors. The book provides a review of a large number of current
research topics relevant to the development of design guidelines and crjiteria
for user/operator transactions with battlefield automated systems. The
author's intent to provide a psychological perspective to permit increased
awareness of the distinctions between people and computers has particular

b advantage for this project's purposes.

Shneiderman defines software psychology as "the study of human perfor-

mance in using computer and information systems" (page 5) and identifies the
foci of software psychology as "ease of use, simplicity in learning, improved
reliability, reduced error frequency, and enhanced user satisfaction" (ibid).
Of most relevance to this project are: (a) the replication of and development
of some specific guidelines for programming and systems design, and (b) a

"practitioner's summary" which is incorporated into each chapter of the book.

Additional Non-ARI Literature to be Reviewed

In addition to documents previously cited (pages 27 - 29) as relevant to

this project, the documents cited on page 41 are judged to have potential
utility and will be reviewed as part of a formal, extensive, and substantive

literature review.
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Table 6

Lesign Guidelines for sequence Control

SEQUENCE CONTROL

Objectives:
Minimized control actions by user.
Low memory load on user.
Consistency of control actions.
Compatibility of sequence control with user needs.
Flexibility of sequence control.

3.0 GENERAL

- 1 Flexible means of seguence control should be provided so that
the user can accomplish necessary transactions involving data
entry, processing, retrieval and transmission, or can obtain
guidance as neceded in connection with any transaction.

Example: In scanning a multi-page display the user should
be able to go forward or back at will; if the MMI design
permits only forward steps, so that the user must cycle
through the entire display series to reach a previous page,
that design is deficient.

Comment: Necessary transactions should be defined in task
analysis prior to software design.

- 2 Control inputs should be simplified to the maximum extent
possible, particularly for tasks involving real-time response,
and should permit completion of a transaction sequence with the
minimum number of control actions consistent with user abilities.

Example: The user should be able to print a display di-
rectly without having to take a series of other actions
first, such as calling for the display to be filed, spec-
ifying a file name, then calling for a print of that named
file.

Ccomment: The software designer should program the computer
to handle intervening steps automatically, informing the
user what has been done if that seems necessary.




Table 7
MMI Requirements Checklist

Task ] Reviewer Date

Reguirement
Fstimate*

MMI Capability E U N Comment

1.0 DATA ENTRY/INPUT

1.1. Position Designation
1. arbitrary positions . e
1 discrete
2 continuous
2. predefined positions . ..
1. HOME ..
1 upper left
2 center
3 lower right
4 other
2 command entry area
3 end of file
4 other
3. incremental positions ..
1. by character ...
1l right
2 left
3 up
4 down
2. by interval (TIB) ...
1 horizontal
2 vertical
3. by other features ...
word
line
paragraph
other ’

How N =

1.2. Direction Designation
1 vector rotation
2 sequential pointing
3 numeric entry
4 other

*E = Essential, U = Useful, N = Not Needed

40

e Al -



Additional Non=ART Literature to be heviewed

Borko, H. Ltilication o: on=-!ine ‘ntoeract i ve s (teport No.o sph=o0700
santa Monica, Califernia:  System Development Cory L, Auaaist 1o,
(AD 640652)

carboinell, J.R., Elkind, (t.71., and Nickerson, koo, [P U
importance of time in a time-shaving system.  Humoamn oaccor:, oS, Lo, Pin-1a. .

vohological

carlisle, J.H. an-computor interactive problem Soivirec:s &t Sonshl
between user charactoristics and Intertace complox’to (Coctoral Disaertation,
Yale University, 1974). (tniversity Microfilms No. 74-°5705; similary sooer:
(AD 786466.)

Chapanis, A. Interactive human communication.  Scientific amer ican, Sharolb )
1975, 232(3), 36-42.

Chapanis, A. Interactive human commanication: Some Tessoen Tearred rrop
laboratory experiments.  Tarver presented at NAT O Acivanoced ot ndbs Tnob b
on Man-Computer Interaction, Mati, srecce, Scptemboer 970,

Foley, J.D. and Wallace. V.1.. The art of natural oo iiic mas-macihiine oon-
versation. proceedings o: the I£EE, 11774, o2, J0.0-471.

Martin, J. Doeslign of man-computer Jialogues. Froaglowood Clifys, New Jersey,
Prentice-Hall, 1973.

Miller, L.A. and Thomas, J.(. Jr. Behavioral issues in the use of inter-
active systems (Technical Report No. RC-03260). Yorktown Prights, Noew York:
IBM Watson Research Center, December 1976, OR: Intoernational Journal o
Man-Machine Studies, 1977, , 509-536.

Miller, R.B. Response time in man-computer conversational transactions.
AFiPS Conterence Proccedings, 1968, 33 (pt. 1}, 267-277.

Nickerson, R.S. and Pew, W.U. Oblique steps toward the human factors
engineering of interactive computer systems (Report No.o 21990) . Cambridge,
Mass: Bolt, Beranek and HWewman, Inc., July 1971. (Also published as an
appendix in M.C. Grignetti, D.C. Miller, R.S. Nickerson, and R.W. Tow,
Information processing models and computer aids for human portormance.
Cambridge, Mass: BRolt, RBeranch, and Newman, Inc., June 1971).

(AD 932913)

Pew, R.W., Rollins, A.M., and Williams, G.A. Generic man-—-computer dialoague
specification: An alternative to dialogue specialists.  In procoecdings,
6th Congress of the I[nternational Ergonomics Association.  santa honica,
California: Human Factors Society, 1976, 251-254.

Strubs, M.H. Automated aids to on=line tactical data inputting (Technical
Paper 262). Arlington, Virvainia: U.S. Army Rescarch Institute for the

Behavioral and Social Sciences, February 1975, (AD A010350)

Wallace, V.L. The sementics of graphic input devices.  In Proceeding:, AcM
symposium on Graphic Lancuages, STCPLAN Notices, June 1976, 11(6), 6l-6h,
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Ry TLATA  TECHNICAL LInrary

HUOA  VOCSPER

US<AuCle STC

HUpa  ATTIN: UDAMI=]S]

USA CORADCOM  ATINS AMSEL=FPA=rw

USa wRRADCOM  ATTN: ATRE=LU=A(

MEaDGUARTERS Y US MARINE CUKRPS  ATTN: Juns MPl«20

HS AxMY BEURUPE uN) SEveENTH AHRMY

15T INFANTRY DIvISION ANU FTe wILEY ATTN: AFZIN=UPT=T

USA INTELLTGENCF aND SECURITY CUMMAND  ATIN: LAOPS=TNG=-T

HQ TwADOC  TECANICZAL LIHRARY

NAvAL TRALINING rQJIPMENT LEN  ATIN: TECHNICAL LlbgaRry

MILI1ARY UCCUPRATIINAL UEVELUOPMeNT UIKECTORATE ATTN: ATZI=NCR=MS=M, KM 3N33 RUFFWAN KLUG 11
DATA ANALYSIS UVIVISIUN ATIN: alcl=NCR=Mi,, HOFFMAN BLUG T

USa wmILPERCEN aTTN: DaPL=PU0=T

USAFaCFA  CHIEF, IRGANIZATIONAY EFEECTIVENESS WRANCH

RTH NFANTRY ULvISION

AWJA ARMY FORCE MUDEKRNIZATION CUUKDINATION OFFICE

NAVAI AlR SYSTEM ZOMMANUL 7/

NEHOrS (LIST &) ATINSG paMU=RY )

1230 USARCOM KESIRVE CENILR

US AxMY SULDIER SJPPURT CENTER 7/

DIRECTORATEF UF ARMOR Av1allON A[TN: AT/k=AAD

JSuARMC » FTe RMUX  AVIATIUN DIVISION

11Sa rORCES CUMMAND  AF LW = DLErUIY C UF S POR INTELLIGENCE

USA rORCES COMMain)  aAFuUP = DEPUTY CHIEF OF STAFF FUR OPERATIONS
S anMY ALk LEFENSE SCHOUL ATINS ATSA-DTH

DIRECTORATE OF TwRAINING ATTIN: AllW=T

NIRECTORATE UF COMBAT DEVELOPMENTS ATTN: ATZUWeD

HIDARCOM  MAKINE ZURPS LIRISON UFC

DEPATMENT OF Tk ARMY  US ARMY INTELLIGENCE ¢ SECURITY COMMAND
ARAY TRAINING SP2UKT CeENTER 7

US AxMY SAFETY CENTER ATIN: L [OKAKIANy RLDO 4905

USA mISSILF COMMAND  ATTIN: DRSmI=NTIN

CECOm ATIN: DKSE_~ILSU

USA rURCES CUMMAN)

PM TwALE 7

US MaLITaRY DISTRICTY Ub wASHINGIUN  OFC OF EWUAL ORPPORTUNITY
AR 4AY TRAINING SUP2UKRT CeNIER  alING ATICasMU

ART 4 TAlISUN UFFICE

7T aRMY TRAINLYG COMMaNU

R UsARBEUR  ATH 4t DCSUPS

Hua, UCS  STyuy DJFFICE

VeSe NAVY  THRALGING ANWLYDIS tvALUATIIN GKOUP

USaCutEC ATTIN: alSC=cXx=t NUMAN FACTORS

USAFaGUS/TAC  SENJUR ARMY AUVISUNR

HSA eLECTHONIC »RIVING URUUNU  ATTN: STegpeaMT=€S

GASA (RUA)  VEPHTY FUR SULLIENCE AND TECHNOLOGY

OFC ub NAVAL RtSsbtawCH

AF Ry JLNT

AF aRU/LRLG
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A1+ rORCE HUMAN RZSOURCES LAB  ATTIN: AFHRL/TSR (

AF aMwL /88

AF aML /He

NAVA) PERSONNEL R AND D CENTER  CUMMANU AND SURPURT SYSTEMS
NAVY PERSONNEL w ahNp D CENTER /

NAVY PERSONNEL = ANU D CENTER  UDIRECTIOR OF PROUQGRAMS

NAVY PERSONNEL K AND L CENTER /

S AxMY AVN ENOINSERING FLIGHT ACTIVITY ATTN: DAVIE-TD

OFC uF NAVAL RESEARCH PERSONNEL AND TRAINING RESEARCH PROGRAMS
NAVAL PERSONNEL R ¢ U CENIER /

OFC ufF NAVAL RESEARCH PROJECT UFFICERs EnVIRONMENTAL PHYSIOLOGY
NAVAL AEROSPACE MFUICAL KSLH LAY AERJSPACE PS¥CHOLOGY DEPARTMENT
USA JRADOC SYSTEMS ANALYSIS ACTIVITY ATTN: ATAA-TCA
HEADWUARTERSy COAST GUARU CHIE&Fe PSYCHOLOGICAL RSCH RR

USA wESEARCH ANy TECHNOLULY LAk /
USa eNGINEER TURPOSKRAPHIC LABS ATTN:
USA eNGINEER TOPUGRAPHIC LABS ATTN:
1152 eNGINEER TUPO3KRAPHIC LABS ATTIN:
0SA mOBILITY EWULA2MENT R OAND U COMU
NIvHE VISION LAR  ATTIN: ORSEL-NV=SULD
ATIN: ATTG-ATB=TA

JSa mUMAN ENGINEERING LAB

SaHel LIAISON rRE2, USAAVNC 7/

USA MATERIEL SYSTEMS ANALYSIS ACTIVITY
1USA =ESEARCH OFC 7/

NAFEL HUMAN ENGINEERING BRANCH

USa wRCTIC TEST CEN ATTN: AMSTL-PL=-TS
USA CGLD REGIONS TEST CEN ATTN: STECR=0P
USA LONCEPTS ANALYSIS AGCY ATTNI CSCA=-RQP
USA CONCEPTS ANALYSIS AGCY  ATTNG CSCA-UF

ETL=-GSL
STINFO CENTER
ETL=-TD=S

ATTN: OROME-~TQ (SCHOOL)

ATTN: DRXSY-C

USACaCDA  ATTN: ATZ2L=CAC-IC
UsSaCaCbDA ATTN: ATZL=~CAC-iM
USACAC ATTN: ATZ_-~CAC-[A

USACACDA ATTN: ATZL~-CAC=-A

USA eLECTRONIC wARIFARE LAB CHIEtF, INTELLIGENCE MATER DEVEL + SUPP OFF
USA wSCH UVEVEL + STANDAKUIZA GPs UK,
USa wESEARCH ANy DEVELUPMENT (a8S CHIEF, BEHAV SCIENCES DIve FOOD SCI LAB

TRAJANA ATTN: SAJSS=-0R

NAVAL AR SYSTemd COMMAND ATTN: AlR=-53]13
ECOM  ATTN: AMSEL-CT=0

USACHEC TeCHNICAL INFURMATION CENTER

USAaAxL LIBRARY

USA (RAUDOC SYSTEMS ANALYSILIS ACTIVITY ATTN:
UNIFURMED SERVICES UNIT OF THE HEALTH 5CI
JSA COMPUTER SYSTZMS CUMMAND
EUSTiS UIRECTORATEy USAAMRDL
CENTeR FOR NAVAL ANALYSIS
NAVAIL HEALTH RSCr CEN LIBRARY
NAVAL ELECTRONICS LAB  ATTN: KESEARCH LIBRARY

NAVAL PERSONNEL R AND D CEN LIuRARY™ ATTN: CODE P16

HONE rwELL INC, SYSTEMS AND RESEARCH CENTER

AIR rORCE HUMAN HESOURCES LAB ATTN: AFHRL/O0TS

HQe +T, HUACHUCA ATIN: TECH KREF DIV

11SA wCADEMY OF HEALTH SCIENCES STIMSON LIBRARY (DOCUMENTS)
SCHOuL OF SYSTEMS AND LOGISTICS 7/

USAMFERDC TECHNICA_ LIBRARY

DEPA~RTMENT OF THE NAVY TRAINING ANALYSIS AND EVALUATION GP
USMA  DEPT OF BEHAVIORAL SCI ANL LEADERSHIP

t)Sa LOMMAND AND OENERAL STAFF CULLEGE ATTN: LI¥BRARY

1SA VRANSPORTATIUN SCHUOL USA TRANSP TeECcH INFO AND RSCH CEN
SA aDMINCEN TECHNICAL KESEARCH BRANCH { IBRARY

H())A  USA MED RsCH AND VDRVEL CoMMAND

a4

ATAA-SL (TECH LIBRARY)
DEPARTMENT OoF PSYCHIATRY
ATTIN: COMMAND TECHNICAL |LIBRARY H=9
TECHNICAL | I1BRARY
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uSa rlELD ARTY HU 7

INSTITUTE FOR UEFENSE ANALYSES

USA 1RAINING SUPPIRT CENTER ATING ATIC=()ST=PA

AFHRL TECHNOLOLY DJFC (H)

USA mUBILITY EWUIPMENT R AND U CUMMAND  ATTIN: DRUME-ZG

Hds USA MDw ATTN: ANPE=-OL

DA U> ARMY RETKAINING BLE RESEAKCH ¢ EVALUATION DIVISION

USAF SCHOUL OF atVSPACE MEDICINE AERUMENICAL LIBRARY (TSKk=4)

S MILITARY ACADEMY DEPT. OF HISTORYs BLUG 601

USAa INTELLIGENCE ZEN AND SCH  ATIN: SCHOOL LIBRARY

USA INTELLIGENCE CEN ANU SCH  alTN: ATSI-DP

MARIwkE CORPS INSTITUTE

NAVAL SAFETY CenTik /

USAAWNC AND FTe RJCKER ATTN: ATLW=ES

US AxMY AVN TNLU LIBRARY AITN: CHIEF LIBRARIAN

USAAVNC  ATTN: ATZQ=v

US MiLITARY ACAUEMY DIRECTIOR OF INSTITUTIONAL RSCH

USa alR DEFENSE SCHOOL ATTIN: ATSA=CL-MS

USAAUS~L IBRARY=DUCUMENTS

uSa alR DEFENSE BOARD ATTIN: FILES REPUSTTORY

USA INFANTRY BUARD ATIN: ATZ0-lu=AE

USA INTELLIGENCE CEN AND SCH ATINS ATSI=DT=~SFL

USa oRDNANCE Ckn AND SCH  ATTNg ATSL-TD=TAC

USA aRMOR SCHOOL ATTN: ATZK=TD

USA aRMOR CENTER DIRECTORATE 0OF COMBAT DEVELORMENTS

NAVAL POSTGRADUATE SCH ATTN: pUULEY ANOX LIBRARY (CODE 1424)

USA [RANSPORTATION SCHOOL DEPUTY ASST. COMMANDANT EDUCA. TECHNOLOGY
USa >IGNAL SCHUOQL AND FT. GORDON ATTN: ATZH-ET

UUSa aRMOR CENTER + FT, KNUX OFFICE OF ARMOR FORCE MGT + STANDARDIZATION
CHIEr OF NAVAL EDJCATIUN AND TNOG 7/

USA SIGNAL SCHUOL ¢ FT. LURDON EDUCATIONAL TEGHNOLOGY DIVISION
HQ AIC/XPTD  TRAINING SYSIEMS DEVELOPMENT

USA INTELLIGENCE CEN AND SCH ATTIN: ATSI<ERM

US AxMY ARMOR CENTER ATTIN: ATZR=TU=PMO

USa wUARTERMASTER SCHOUL UVIRECTURATE OF TRAINING DEVELOPMENTS
US CuAST GUARD aCaDEMY /

USa (RANSPORTATIUN SCHOOL DIRgCTOKATE OF TRAINING + DOCTRINE
uUSa INFANTRY SCHOJL LIBRARY /

USA INFANTRY SCHODL ATTINS: ATSH=I=V

US AKMY INFANTRY SCHOOL ATTN: ATSH=CD

USA iINFANTRY SCHUJDL  ATTN: ATSH=LOT= RV

USA INFANTRY SCHODL ATING ATSH=tV

USa mP ¢ CHEM SCH/TNG CEN ¢ Fi, MCCLELLAN ATTN: ATZN=-PTS

SA P ¢ CHEM SCH/TNG CEN + FT, MCCLELLAN DIRs COMBAT DEVELOPMENT
USA MP ¢ CHEM SCH/TING CEN + FT, MCCLELLAN DIR:; TRAINING DEVELOPMENT
USA mP ¢ CHEM SCH/TNG CEN + FT. MCCLELLAN ATTN: ATZN-MP=ACE

uUSa INSTITUTE UF ADMINISTKATION ATTN: RESIDENT TRAINING MANAGEMENT
USa rI1ELD ARTILLERY SCHOUL MORRIS SWETT LIBRARY

USa INSTITUTE UF aDMINISTKRATION ACADEMIC LIBRARY

USAa wAR COLLEGE ATTN: LIBRARY

uUsa ENGINEER SCHUDL LIBRARY AND LEARNING RESOURCES CENTER

USA aRMOR SCHOUL (USARMS) ATTN: LIBRARy

ORGANIZATIONAL FFFECTIVENESS CEN ¢ 5CH  ATTN: LIBRARIAN

US AwMY INTELLIGENCE CENTER SCHOUL ATTN: ATSI=-TP

US AWMY INTELLIGENCE CENTER SCHOUL ATTN: ATSI=-RM=M

US AxMY INTELLIGENCE CENTER SCHOUL ATTN: ATSI=TO-PM

US AxMY INTELLIGENCE CENTER SCHOUL ATTN: ATSI=CD=Cq

US AxMY INTELLIGENCE CENTER sCHOOL ATTN: ATSI=ES

DEPARTMENT OF IHE AIR FORCE AIR UNIVERSITY LIBRARY (ATC)

HQ TwADOC TRAINING DEVELUPMENT INSTITUTE

BRITISH EMBASSY 4RITISH DLFENCE STAFF

CANAULIAN JOINT STAFF

-
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NUMBER uF ADDRESSEES 202

TOTAL NUMBER OF CUPLES 386

COLS (w) LIBRAKRY

FRENLH ARMY ATTACHE

AUSTKIAN EMBASSY DEFENSts MILITARY AND AIR ATFACHE

cANAUIAN DEFENCE _IALISON STAFF ATTN: COUNSELLYRs DEFENCE R AND D
KOYAL NETHERLANOS EMBASSY MILITARY ATTACHE

CANAULAN FORCES BASE CURNWALLIS ATIN: PFRSONNEL SELECTION
CAVAULAN FORCES PIKSUNNEL APPL KSCH uUNIT

ARMY PERSONNEL WESEARCH ESTABLISHMENT

NETHERLANDS EMBASSY OFFLICE OF Tk AIR ATTACHE

1 PSYCHOLOGICAL REISEAKCH UNIT  &wTIN: CP4ap=13 (LTC M, 4y, ELEY)
LI4RaRY OF COUNOLKESS EXCHANGE aNuV OIFT D1V

NEFFNWSE TECHNICAL INFORMATION CEN  ATIN: DTIC=DDA=2

LIHRARY OF CUNGLRESS UNIT DOCUMENTS EXPEDITING PROJUECT

US GUVERNMENT PRINTING OFC LInRARY, PUBLIC DOCUMENTS DEPARTMENT
US GUVERNMENT PRINTING OFC  LIKRARY ANU STATUTORY, LIR DIV (SLL)
THE aRMY LIBRARY ATTN: ARMY STUVUIES SEC

/ 7/
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